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I .  INTRODUCTION 

The  objective  of  this  program  is  to  develop  a  mosquito 
repellent  which  is  effective  when  given  intermilly,  preferably 
orally,  in  order  to  afford  better  protection  than  the  conven¬ 
tional  surface  repellents  presently  available.  Development 
of  a  bioassay  procedure  using  mice  as  bait  and  radioactive 
albumin  as  an  indicator;  the  repellent  and  jioal  proper¬ 
ties  of  several  chemical  compounds  were  prev..wuslj  rep^ 'tod 
(Report  No.  ARF  C  222-3).  The  present  report  describes 
further  progress  on  this  program. 
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II.  METHODS  AND  RESULTS 


A .  Determination  of  Lipid-Water  Partition  of  Potential 
Repellents 

A  chemical  compound  of  known  weight  was  to  a  separatory 

funnel  containing  equal  volumes  of  0.1  M  phospr.-.ce  buffer 
(pH  7.4)  and  purified  chloroform.  The  chloroform  was  puri¬ 
fied  by  successive  washings  with  1  N  sodium  hycuoxide,  hydro¬ 
chloric  acid,  and  water.  The  funnel  was  vigorously  shaken  and 
then  allowed  to  stand  for  1  hour  for  equilibration.  A 
measured  portion  of  the  organic  phase  was  placed  in  a  tared 
watch  glass  and  the  solvent  was  allowed  to  evaporate  for  4 
hours  at  room  temperature.  The  residue  was  weighed,  and  the 
distribution  of  the  compound  in  the  organic  phase  was  determined. 
The  weight  of  the  compound  in  the  water  phase  was  determined 
by  the  difference  between  the  initial  weight  of  compound  used 
and  the  weight  in  the  organic  phase.  The  results  are  given 
in  Table  1. 

B .  Synthesis  of  Potential  Insect  Repellent a 

With  many  natural  products,  lengthening  and  branching  of 
the  alkyl  side  chain  significantly  increases  the  biological 
potency  of  many  natural  products.^  In  the  insect  repellent 
N, N-diethyl-m-toluamiJe  the  effects  of  positional  (ortho-, 

^Adams,  et  al.  J.  Am.  Chem.  Soc.,  71,  1625,  1945. 
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DISTRIBUTION  OF  POTENTIAL  MOSQUITO  REPELLENTS 
BETWEEN  CHLOROFORM  AND  WATER  (BUFFER  dH  7.4) 
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meta-,  and  para-)  isomerism  of  the  methyl  group  is  well  known. 
However,  the  effect  of  a  longer  alkyl  chain  or  the  effect  of 
branching  on  this  chain  is  not  well  defined.  A  synthetic  study 
was  therefore  initiated  to  determine  whether  lengthening  and 
branching  the  alkyl  side  chain  improves  the  repel/ ent  effect. 

In  addition,  the  diethylamide  of  2, 6-dimethylbenznic  acid  was 
orepared  in  order  to  determine  whether  crowding  of  the  amide 
group  could  retard  its  effecc  on  metabolism  m  vivo,  and  thus 
retain  any  repellent  potency. 


III.  EXPERIMENTAL  PROCEDURES 

A •  N.  N-Diethyl-2. 6-dimethvlbenzamide 
l .  2. 6-Dimethvlbenzoic  Acid 

A  500-ml  2-nec:k  flask  was  equipped  with  an  adding 
funnel,  "Trubore"  stirrer,  and  a  condenser  attached  to  a  source 
of  prepurified  (P.P.)  nitrogen.  In  the  flask  as  placed  9.5  g 
(0.39  Ml  of  washed  magnesium  turnings  and  about  0.2  g  of  iodine. 
The  system  was  flushed  with  gas  while  being  heated  with  an  ope" 
flame  to  remove  oxygen  and  adsorbed  water  vapor.  After  tooling 
to  room  temperature,  the  metal  was  covered  wj  ih  30  ml  of  dry 
ether  and  a  solution  of  60  g  (0.34  M)  of  2, 6-dimethy-brcmobenzene 
in  130  ml  of  dry  ether  was  added  at  a  rate  suffie'ent  to  cause 
refluxing.  After  the  spontaneous  refluxing  ceased,  tu  mixture 
was  refluxed  for  an  additional  3  hours,  cooled,  and  poured  onto 
an  excess  of  powdered  dry  ice. 

ARMOUR  RESEARCH  FOUNDATION  OF  IlllNOIS  INSTITUTE  OF  TECHNOIOGY 
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After  the  excess  dry  ice  sublimed,  the  reaction  mixture  was 
treated  with  200  ml  of  5%  sulfuric  acid  (with  cooling) .  The 
stirred  mixture  was  heated  for  1-2  hours  and  cooled.  The  non- 
aqueous  layer  was  washed  with  dilute  hydrochloric  acid,  and  the 
dimethylbenzoic  acid  was  extracted  with  several  p-.-itions  of  10% 
sodium  bicarbonate  solution.  The  bicarbonate  so)  -  •'  ior  was  acidified 
with  hydrochloric  acid,  and  the  precipitated  dim-. .  nyl benzoic  acid 
was  filtered  by  suction  and  washed  with  a  small  quantity  of  water. 

The  solid  acid  was  recrystalli2ed  from  hot  water  and  dried  in 
a  vacuum  desiccator.  The  white  crystals  of  2,6-dimethylbenzoic 
acid  weighed  28.5  g  or  55%  of  the  theoretical  amount.  It  melted 
at  115-117°C  (literature  value  116°C) . 

2 .  2. 6-Dimethylbenzoyl  Chloride 

Into  a  500-ml  single-neck  flask  equipped  with  a  condenser 
44.5  g  (0.3  M)  2,6-dimethylbenzoic  acid  was  placed  and  covered  with 
a  100%  excess  of  purified  thionyl  chloride.  The  mixture  was  heated 
to  refluxing  for  7  hours,  after  which  the  exce  •  thionyl  chloride 
was  removed  by  Ustillation  under  reduced  pressure.  The  acid  chlor¬ 
ide  was  collected  at  82.9°C/8  mm  using  a  Claisscr.  still  head. 

3.  N. N- Diethvl-2. 6-dimethvlbenzamide 

According  to  standard  methods  th»  2,6  dimethylbenzoyl  chlor¬ 
ide  was  added  to  a  solution  of  diethylamine  in  ether.  The  resulting 
N, N-diethyl-2, 6-dimethyl benzamide  was  distilled  at  90.6°C/0.15  min. 
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B.  M.  N-Diethvl-m- (n-propyl ) benzamide 

1 .  m~Bromobenzovl  Chloride 

In  a  /2-liter  single-neck  flask  equipped  with  a  condenser 
250  g  (1.25  M)  m-bromobenzoic  acid  and  a  100%  ex.ccs  of  purified 
thionyl  chloride  was  placed.  The  mixture  was  he'-ed  for  about 
3  hours  after  which  time  the  contents  were  liqu.  .i.  The  solution 
was  refluxed  for  8  hours,  cooled,  and  the  excess  thionyl  chloride 
removed  by  distillation  under  reduced  pressure.  The  acid  chloride 
was  collected  at  110.5°-1120C/8-9mm.  The  clear  liquid  weighed 
255  g  or  93%  of  the  theoretical  amount. 

2 .  tr— Bromobenzamide 

A  3-liter  3-neck  flask  was  equipped  with  a  “Trubore" 
stirrer,  a  condenser,  a  thermometer,  and  a  gas  inlet  tube  (with 
a  plunger  for  removal  of  solid  at  the  gas- liquid  interface) .  The 
flask  was  charged  with  255  g  (1.15  M)  of  m-bromcberzoyl  chloride 
and  about  2  liters  of  dry  ether.  The  solutic  was  stirred  and 
maintained  at  around  5°C  while  ammonia  (gas)  was  added.  After 
about  2-1/2  hours  the  reaction  was  complete  as  eviCvuced  by 
excess  ammonia  venting  through  the  condenser.  The  finely  divided 
solid  was  filtered,  washed  with  water,  anu  i  -.crystallized  from 
methanol-water.  The  white  vacuum-dried  crystals  mei  ced  r.t  154.5- 
155°C  (literature  =  155nC) .  The  amide  weighed  215  g  or  86%  of 
the  theoretical  amount. 
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3.  m-Bromo-Propiophenone 


A  1-liter  3-neck  flask  was  equipped  with  a  "Trubore" 
stirrer,  and  a  Dear.-Starke  trap  surmounted  by  a  condenser  attached 
to  a  source  of  prepurified  nitrogen,  '"he  fla»j\  ss  charged  with 
670  ml  of  a  3  M  solution  of  ethyl  magnesium  bromide  in  ether. 

The  adding  funnel  was  removed  and  replaced  by  an  erlenmeyer  flask 
attached  with  wide-bore  rubber  tubing.  Prom  the  erlenmeyer  flask 
was  added  100  g  (0.5  M)  of  m-bromobcnzamidc  in  s’nnll  portions, 
at  such  a  rate  as  to  maintain  a  continuous  reflux  of  the  ether. 

When  the  addition  was  complete  and  the  spontaneous  refluxing  ceased, 
the  ether  was  heated  to  refluxing.  Dry  benzene  was  added  while 
the  distillate  was  removed  continuously  through  the  Dean-Starke 
trap.  When  the  pot  temperature  of  the  mixture  rose  to  75-80° C, 
removal  of  distillate  was  discontinued  and  the  mixture  allowed 
to  reflux  for  an  additional  18  hours. 

The  cooled  reaction  mixture  was  slowly  added  to  a  cooled, 
stirred  mixture  of  110-ml  concentrated  sulfur’ ^  and  500  g 

of  ice,  at  temperature  below  40°C.  When  add.!  v;.s  e'.rplete, 
the  mixture  was  warmed  to  60°C  fcrlV'r  with  stirri.q  and  the  layers 
separated.  The  benzene  layer  was  washed  with  water,  dilute 
bicarbonate,  and  water  till  neutral.  After  drying,  the  solvent 
was  removed  at  the  water  pump  with  the  aid  of  a  rotating  evapor¬ 
ator.  The  residue  was  distilled  through  a  6  inch  x  1/2  inch 
Vigreau  column  in  an  atmosphere  of  prepurified  nitrogen,  aided 
by  an  ebullating  tube.  The  m-bromo-propiophenone  was  collected 
at  130°-132°C/11  mm. 

ARMOUR  RESEARCH  FOUNDATION  OF  ILLINOIS  INSTITUTE  OF  TECHNOLOGY 


9 


C  222-4 


i 

.1 

i 

I 

I 

i 


C.  N. N-Diethvl-m- (n-amyl)  Benzamide 

1 .  ii.-Bromobenzovl  Chloride 

As  described  in  Section  B. 

2 .  m-Brornobenzamide 

As  described  in  Section  B. 

3 .  m-Bromo-n-valerophenone 

The  apparatus  was  set  up  as  described  in  Section  B. 
n-Butyl  magnesium  bromide  (670  mi  of  a  3  M  solution)  in  ether  was 
treated  with  100  g  (0.5  M)  of  m-bromobenzamide.  After  addition  was 
complete,  dired  benzene  was  added  while  the  distillate  was  removed. 
When  the  pot  temperature  of  the  mixture  rose  to  75°-78?C,  reflux¬ 
ing  was  maintained  for  26  hours.  The  mixture  was  then  allowed  to 
cool  to  room  temperature. 


IV.  IN  VITRO  ASSAY  PROCEDURE 

In  order  to  broaden  the  scope  of  assay  tecb.nl '4ves  for  insect 
repellents  an  investigation  into  an  in  vit-o  r  .  _uod  of  testing 
repellents  has  been  undertaken.  In  this  study  series  aegypci  were 
fed  through  various  membranes,  on  outdated,  citrated  whole  human 
blood  containing  2  mg/ml  of  Blanccphor  dye.  The  mosquitoes  were 
maintained  at  room  temperature  (25° C)  during  exposure  to  the  bait. 
The  bit  id  temperature  was  controlled  by  keeping  the  surface  of 
the  blood  above  the  membrane  exposed  to  circulating  air  a l 
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various  temperatures.  The  membranes  were  usf l  in  both  untreated 
and  in  treated  state.  Treatment  consisted  of  soaking  the 
membranes  overnight  in  a  water  solution  of  »  wetting  agent 
(Alconox)  and  washing  thoroughly  in  hot  water  before  use.  The 
blood  layer  was  one-inch  deep  above  the  membrane  Cages  of 
50  Aedes  aegypti  were  placed  under  the  membrane  for  3  hours. 

The  mosquitoes  were  then  killed  by  placing  them  x..  a  box  con¬ 
taining  dry  ice  and  observed  under  ultraviolet  light.  The 
mosquitoes  which  had  fed  through  the  membrane  appeared  bright 
green  while  those  that  did  not  feed  remained  black.  The  number 
of  mosquitoes  that  have  fed  can  thereby  be  determined.  The 
results  of  the  membranes  tested  by  this  procedure  are  shown  in 
Table  2. 


V.  CONCLUSIONS  AND  FUTURE  WORK 

The  Baudruehe-  and  Fourex-treated  membrane0  u^pear  to  be 
the  most  promising  membranes  for  use  in  an  ir.  xero  assay 
procedure.  The  large  deviation  found  in  the  percent  ted  using  the 
Fourex  membrane  is  most  likely  due  to  the  differences  in  the 
membrane  thickness.  If  this  membrane  is  not  available  in  uni¬ 
form  thickness,  the  Baudruehe  membrane  which  is  more:  uniierm 
in  thickness  will  be  used.  During  the  next  quarter  we  shall 
standardize  the  in  vitro  testing  procedure  and  evaluate  compounds 
in  blood-repellent  mixtures.  Compounds  showing  repellent  activity 
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by  this  nethod  will  be  further  tested  by  internal  administration 
into  mice.  A  compound  which  is  active  in  the  in  vitro  assay 
and  subsequently  loses  its  activity  in  their,  v  assay  would 
indicate  difficulty  In  adsorption  from  the  site  of  administration, 
chemical  modification  by  the  body,  or  lack  of  excretion  through 
rne  skin. 

The  synthesis  of  potential  .insect  repellents  vi'i.l  continue 
and  these  compounds  will  be  tested  for  repellent  activity. 

Carbon- 14- labeled  N, N-diethyl-m-toluamide  has  been  obtained. 
This  compound  will  be  administered  internally  to  mice,  and  its 
fate  j.n  the  body  determined  by  physicochemical  means.  After 
the  metabolic  pathways  are  established,  the  repellent  properties 
of  the  metabolites  will  be  determined.  The  essential  structure 
for  an  effective  internal  repellent  might  thus  be  established. 
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VI.  PERSONNEL  AND  RECORDS 


The  date  are  recorded  in  logbooks  No.  0  1 i'/a,  and  C  13345. 
The  synthetic  work  was  performed  and  direct©!  by  L.  U. 


Berman  assisted  by  J.  Garner. 


Respectfully  submitted, 

ARMOUR  RESEARCH  FOUNDATION 
of  Illinois  Institute  of  Technology 
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